Current schemes to classify protein-energy malnutrition (PEM) in hospitalized children below 5 years of age in developing countries are of limited usefulness, because age is often not known and wasted children are insufficiently discriminated. In this study, a newly proposed scheme, based on the presence of wasting (weight-for-height Յ ¹ 2 z scores) and oedema, was compared with clinical and the original Wellcome criteria to classify PEM in 538 under-fives hospitalized for PEM in a rural hospital in Nchelenge, Zambia. Wasting in the absence of oedema was clinically false-positively diagnosed in 34.0 per cent, whereas the Wellcome classification gave rise to 28.6 per cent falsepositive and 39.9 per cent false-negative diagnosis. In the presence of oedema, clinical diagnosis of wasting was 44.7 per cent false-positive and 41.4 per cent false-negative, while the Wellcome scheme had a false-negative rate of 54.3 per cent. We conclude that the Wellcome classification did not add to the clinical diagnostic accuracy of PEM as opposed to the proposed scheme, which merits further study. In an Appendix the use and calculation of z scores of weight-for-height is further explained.
Introduction
Since Gomez introduced the concept of weight for age in clinical protein-energy malnutrition (PEM), 1 investigators have proposed various anthropometric variables to classify PEM in developing countries and assist in clinical decision-making. In 1970 the Wellcome classification for PEM was proposed, in which, based on oedema and weight-for-age, the familiar clinical concepts of marasmus, marasmic kwashiorkor, kwashiorkor and underweight were distinguished (Table 1) . 2 A drawback of the Wellcome classification is that it requires age to be precisely known which is often not the case in rural areas with limited standards of healthcare and education. It has also become clear that weight-for-age is in fact a compound parameter of two virtually independent processes, namely stunting (low height-for-age due to past or chronic mild growth retardation) and wasting (low weight-for-height due to acute severe growth retardation). 3 Only the latter is one of the key pathological processes in the various clinical manifestations of acute PEM.
Waterlow's classification, proposed in 1976, 4 was based on this distinction and determines the degree of stunting as well as wasting. However, this bears little relation to the clinical concepts of marasmus, marasmic kwashiorkor, and kwashiorkor, and insight into the degree of stunting has only limited relevance to clinical treatment. Moreover, Waterlow's scheme also assumes that age is precisely known.
In 1993 the use of z scores in anthropometric variables was recommended. 5 Although z scores are now often used in anthropometric studies, they are little utilized in clinical PEM in developing countries. Although Méde-cins sans Frontières 6 recommended the use of weightfor-height z scores and the presence of oedema to classify malnutrition, such a classification has, to our knowledge, not been evaluated. The purpose of this study was to compare a classification scheme of acute PEM, based on the presence or absence of oedema as well as wasting (measured z scores of weight-for-height), with the clinical diagnosis and the Wellcome criteria to classify children with clinical PEM at a paediatric ward in a rural African district hospital.
varies with age. This implies that a weight-for-height of, say, 15 per cent below the reference, may imply a more serious growth deficit at a certain age than at another. The use of z scores overcomes this problem so that the severity of growth retardation and prevalence rates are readily comparable across age categories.
3;5 Therefore the proposed classification is based on two core concepts in the pathogenesis of PEM and on current anthropometric standards.
The study area
Nchelenge District is situated in the Luapula province in northeast Zambia along the shore of Lake Mweru, which borders Zaïre. The Ministry of Health estimated the District population in 1988 at 105 681 with an annual increase of 3.5 per cent, the infant mortality rate at 101 per 1000 and the percentage of the population under 5 years of age at 19 per cent.
10; 11 The majority of the people live along the lake shore, where fishing and fishdealing are often combined with farming. Health facilities consist of a 160-bed District Hospital, St Paul's, operative since 1962, of which 70 beds are at the paediatric ward, as well as of 12 Rural Health Centres spread out over the District. The major causes of mortality in children are malaria/anaemia, pneumonia, PEM, diarrhoea and meningitis. 12 
Subjects and methods
Retrospectively, the files of St Paul's Hospital were checked for all admissions for PEM up to 5 years of age from 1 January 1985 to 28 February 1987. PEM subtypes clinically diagnosed by the then present medical officers (marasmus, marasmic kwashiorkor, kwashiorkor), as well as age, sex, weight and height were taken from the files.
From 1 March 1987 to 31 July 1988, all new PEM admissions up to 5 years of age were prospectively included into the study. Age, sex and clinical diagnosis (marasmus or oedematous PEM) were noted on admission. Marasmus was diagnosed in the presence of clinical muscle wasting, loss of subcutaneous fat and in the absence of oedema. Oedematous PEM was diagnosed in the presence of oedema, mental unhappiness, one or more other symptoms (hepatomegaly, diarrhoea, hairand/or skin discoloration, clinical muscle wasting) and by exclusion of other possible causes of oedema, notably nephrotic syndrome. Subsequently, weight and height were measured according to standard anthropological methods with particular attention to regular checking of the accuracy of the equipment and repeatability of the measurements.
13¹16
The For the proposed classification (Table 2) , z scores of weight-for-height (W/H) were calculated. A z score (or standard deviation score) is the difference between the actual measurement and the median of the age-and sexmatched reference population divided by the standard deviation of the reference. 5;16 NCHS reference values were used. Weight-for-height 2 z scores or more below the median (Յ ¹ 2 z scores) were considered indicative of wasting. Differences in age distributions according to sex and clinical diagnosis were tested by the chi-squared test; p values < 0:05 were considered significant. Table 3 shows the clinical subtypes of PEM according to various age categories. The retro-and prospective study groups had similar age distributions ( p ¼ 0:46). For males and females the age distributions were similar, both for the retrospective ( p ¼ 0:55) and prospective ( p ¼ 0:54) group. In both groups, the type of PEM varied according to age ( p < 0:0001). Below 12 months In Table 5 The Wellcome and the proposed classification schemes are compared in Table 6 . Of the marasmic children according to the new classification, 40.9 and 38.8 per cent were typed as underweight in the retro-and prospective samples, respectively, by the Wellcome criteria. Of the normal children (proposed scheme), 29.5 per cent of the retrospective and 27.7 per cent of the prospective group were Wellcome-classified as marasmic. According to the new criteria 66 per cent of the normal children were Wellcome-typed as underweight; 53.0-56.1 per cent of the marasmic kwashiorkor (proposed criteria) were typed as kwashiorkor and 22.7-23.5 per cent of kwashiorkor (proposed criteria) were typed as normal according to the Wellcome scheme. 
Results

Discussion
In this study from a rural hospital in northeast Zambia, various classification schemes to diagnose PEM were compared: clinical subtypes, the Wellcome classification and a newly proposed one. As weight-for-height Յ ¹ 2 z scores is generally accepted as the standard anthropometric parameter for wasting, 3;5 clinical and Wellcome criteria were compared to this.
The clinical diagnosis of wasting, although made by experienced medical officers, was not as obvious as it seemed: in as much as 90 (34.0 per cent) of the 264 children clinically diagnosed as marasmus, wasting (defined as weight-for-height Յ ¹ 2 z scores) was not present (Table 5 ). For children below 12 months of age, this amounted to 56.4 per cent. Thus, in the absence of oedema, wasting was easily overdiagnosed clinically. In all probability, such children were severely stunted (low height-for-age) and constituted the group that is usually called 'underweight' according to the Wellcome classification. However, they had a normal weight-for-height and therefore did not require acute nutritional rehabilitation. In the new classification they are considered not to suffer from acute PEM. Children below 12 months who are classified as stunted are likely to have been born prematurely, and elsewhere we have argued for a substantial proportion of prematures among African under-fives. 19 The ability of the original Wellcome classification to detect wasting in children clinically diagnosed as marasmic appeared to be limited. First, 69 (39.9 per cent) of the 173 children with wasting (proposed criteria) were Wellcome-typed as underweight ('false-negative diagnosis'; Table 6 ). Second, 26 (28.6 per cent) of 91 children without evidence of acute PEM (proposed criteria) were classified as marasmic in the Wellcome scheme ('false-positive diagnosis'; Table 6 Wellcome classification offered little improvement over clinical skills in the distinction of wasting, in contrast to the criteria proposed here. In cases of oedematous malnutrition, the true extent of wasting can only be appreciated if the weight after disappearance of oedema is known. Still, the distinction of kwashiorkor from marasmic kwashiorkor based on weight on admission remains useful, because it has clinical implications, such as different patterns of comorbidity and prognosis. 7;8;20;21 Clinically, the diagnosis of wasting in the presence of oedema is not very satisfactory. In 17 of 38 cases of clinical marasmic kwashiorkor, weight-for-height was normal (44.7 per cent 'false-positive diagnosis') and in 36 of 87 children with clinical kwashiorkor, wasting was evident (41.4 per cent 'false-negative rate'; Table 5 ).
When applying the Wellcome classification, 10.1-15.8 per cent of children with clinically oedematous PEM were typed as normal (Table 4) . Also, 31 (23.1 per cent) of 134 kwashiorkor children (new criteria) were typed as normal by the original Wellcome standards (Table 6 ). Apart from these 'false normals' the Wellcome and the proposed schemes largely agreed with respect to kwashiorkor (Table 6 ). However, 76 of 140 children with wasting (marasmic kwashiorkor according to the new classification scheme) were classified as kwashiorkor ( Table 6 ), so that 54.3 per cent of wasting in the presence of oedema was ignored when the original Wellcome criteria were applied.
In conclusion, in children with acute PEM, with weight-for-height Յ ¹ 2 z scores as the standard measure for wasting, wasting in the absence of oedema was clinically false-positively diagnosed in 34.0 per cent of children (Table 5) , whereas the Wellcome classification gave rise to 28.6 per cent false-positive and 39.9 per cent false-negative diagnosis of wasting (Table 6 ). In the presence of oedema, clinical diagnosis of wasting was 44.7 per cent false-positive and 41.4 per cent falsenegative (Table 5) , while the Wellcome scheme has a false-negative rate of 54.3 per cent ( Table 6 ). The Wellcome classification therefore appears not to add to the clinical diagnostic accuracy of PEM in contrast to the classification scheme as proposed here (Table 2) . We have also reported that the PEM subgroups according to the new classification had different patterns of comorbidity and outcome. 22;23 The classification as proposed here has the disadvantages that height or length has to be known and z scores have to be calculated but it overcomes the considerable drawbacks of the original Wellcome classification. In paediatric wards in developing countries proper supervision for height or length measurement is often feasible and with the aid of a standard list of median weight and standard deviation according to height and sex (Appendix), the calculation of z scores can be taught fairly easily. Ideally, this is done on admission, after the disappearance of the oedema and during clinical follow-up. 22 As our study was conducted at a rural district hospital with limited resources and staff in an area with a paediatric morbidity pattern typical of rural Africa, 24 our results are probably representative of African paediatric practice in peripheral hospitals.
The goals of any classification of PEM should be to improve diagnostic accuracy and, consequently, treatment and prognosis. Incorporation of already familiar clinical and theoretical concepts, ease of application and promotion of research are additional desirable features. In these respects, the new classification is in our view most promising and deserves further study. 16 A z score or standard deviation score is, popularly said, the number of standard deviations below or above the mean value of the reference. For nutritional indices, the median instead of the mean is used. A child's current nutritional status can be expressed as a z score of weightfor-height. The great advantage of z scores above another widely used indicator, percentage of the median, is that a z score is adjusted not only for sex, but also for the distribution of weight. In the reference population, the distribution of weight at some ages is not symmetrical, so that separate standard deviations have been calculated for the upper and lower halves of these distributions. z scores can therefore be readily compared across age groups and with other data in contrast with the percentage of the median.
Appendix
Weight-for-height reference values and the calculation of z scores
The z score of weight-for-height of an individual is given by the following formula:
Score ¼ individual's weight ¹ median value of reference population SD value of reference population Here, wasting is defined as a z score of weight-for-height Յ ¹ 2. In a normally distributed reference population, 95 per cent of cases fall by definition within the range of 2 SD from the median, so 2.5 per cent of the reference population falls below ¹2 SD. Tables A1 and A2 give reference values (median weight, SD below median weight) according to sex and height so that z scores can be readily calculated. In addition, the column 'weight 2 SD below the median' allows quick comparison with a child's current weight, so that the presence of wasting can be confirmed or refuted.
Example 1.
A boy of 26 months is admitted to hospital with a clinical picture of oedematous PEM. His weight is 7.8 kg and his length is 80.0 cm. From Table A1 , it appears that the weight 2 SD below the median for a boy of 80.0 cm is 9.2 kg, which means the boy has wasting. For a more precise calculation, it can be seen from the of weight-for-height, therefore, is (7.8 -10.9)/0:9 ¼ ¹3:44. The type of PEM, therefore, is marasmic kwashiorkor.
Example 2. A girl of 27 months is admitted to the hospital with a clinical picture of marasmus. Her weight is 8.5 kg and her length 73.0 cm. From Table A2 , it can be seen that the weight 2 SD below the median is 7.5 kg, so that she is not wasted. The median weight for 73.0 cm is 9.1 kg and the SD 0.8, so that her z score of weight-forheight is (8.5 -9.1)/0:8 ¼ ¹0:75. This means that there is no wasting, but that the girl is underweight. The clinical diagnosis of marasmus was false and there is no need for acute nutritional rehabilitation. The underweight can be explained by the fact that she is severely stunted (her z score of height-for-age, with the aid of other reference values, is ¹4:12).
